. Effect of harvesting stages on yield and nutritional quality of African eggplant (Solanum aethiopicum) fruits. ABSTRACT Objective: Farmers often harvest African eggplant (Solanum Aethiopicum L.) fruits at different stages of fruit maturity. The influence of these harvesting practices on fruit productivity and nutritional quality is not known. This study was conducted to determine the effect of harvesting stages on yield and nutritional quality of African eggplant varieties.
INTRODUCTION
Background information: African eggplant (Solanum aethiopicum L.) is one of the indigenous vegetables that play a significant role in both subsistence production and income generation among rural and urban resource-poor communities in Tanzania (Chadha, 2006) . This crop is notable for high yield of about 67 tons per hectare and high market potential (National Research Council, 2006) . Fruit colour, shape, size and flavour are the most perceivable quality attributes of African Journal of Applied Biosciences 78:6590 -6599 ISSN 1997-5902 eggplant fruits (Hornal et al., 2007) . Compared with most fruit vegetables like tomato, African eggplant fruits have relatively higher, carbohydrate (7.2 g/100g), fibres (2.0 g/100g), calcium (28 mg/100g), iron (1.5 mg/100) and considerable amount of β-carotene (0.35 mg/100g) and ascorbic acid (8 mg/100g) (Hornal et al., 2007) . Mature fruits of African eggplant are either boiled or roasted with onions and tomato, and consumed with stiff porridge or cooked rice. Alternatively, the fruits are boiled with various vegetables, and then mixed with already boiled meat, chicken or fish to make a soup popularly known as "mchemsho". Maturity stage at harvest is among the most important factors that influences yield and nutritional quality of fruits and vegetables (Kader, 1986; Kader, 2008) . In Tanzania, growers of African eggplant are advised to harvest the fruits before the skin becomes tough and original varietal colour changes (AVRDC, 2003) , which is estimated at 70 -90 days from the date of sowing depending on varieties and weather conditions (National Research Council, 2006) . Delayed harvesting leads to fruit over-maturity and colour development while still on the plants (Hornal et al., 2007 , Kader, 1996 . Conversely, fruit harvest at immaturity stage results in faster shrivelling and fruit susceptibility to mechanical damages (Kader, 1999) . Growers in Tanzania harvest African eggplant based on fruit size with fruits often consisting of immature, mature and over-mature fruits. Little is known about the influence of such harvesting stages on yield and nutritional quality of popular local varieties of African eggplant. The objective of this study was to assess the effect of harvesting stages on fruit yield and nutritional quality of African eggplant.
MATERIALS AND METHODS
Description of study site and materials: A field experiment was conducted at Sokoine University of Agriculture (SUA) located at 6 o 05' South and 35 o 37' East. The University lies at an altitude of 525 m above sea level and has warm tropical climate with an average annual rainfall of 600-1000 mm. During the field experiment period, the area experienced a mean rainfall and temperature of 85.38 mm and 25.4 o C, respectively. The area has fertile red sand-clay soil with a pH of around 6.0. Three popular varieties of African eggplant namely Tengeru white (early maturing), Manyire green (late maturing) and AB2 (early maturing) were used in this study. Seeds were collected from Asian Vegetable Research Development CentreAfrica Program (AVRDC-AP) in Arusha, Tanzania. The seeds of these varieties were sown in a nursery composed of a mixture of sandy loam soil and farmyard manure at the ratio of 2 to 1 by volume, respectively. The seeds germinated within two weeks and seedlings were managed throughout the nursery period by irrigating twice a day during the first two weeks and once a day in the last four weeks of the nursery period. Applications of Selecron® (Profenofos) insecticide and Ridomyl® (Metalaxyl+Mancozeb) fungicide at the rate of 1 mL/L and 2 g/L were carried out after every two weeks for the control of insect and parasitic fungal attacks, respectively. The seedlings were transplanted in the main field six weeks from the date of sowing. The experimental field previously grown with maize was ploughed and harrowed using a tractor and further levelled using hand hoes. Small ridges were then prepared across the slope to improve drainage and facilitate irrigation. During ridge preparation, farmyard manure was incorporated at the rate of 18 L per m 2 of a plot. The seedlings were transplanted in December 2010 at spacing of 75 cm x 75 cm. NPK (15:15:15) fertilizer was applied two times during the experimental duration. The first basal application at a rate of 5 g/plant was done two weeks after transplanting the seedlings while the second basal application was done at the flowering stage using the same application rate. The field was irrigated after every fertilizer application. Subsequent irrigation during the dry period was carried out twice a day in the first two weeks after transplanting and thereafter it was done once per day. Field pests were managed using Selecron® (Profenofos) insecticide and Ridomyl® (Metalaxyl+Mancozeb) fungicide at the rate of 1 ml/l and 2 g/l, respectively. The spraying was conducted once per two weeks during the dry season and once per week during the rainy season.Experimental designs: The field experimental design was a split plot in a complete randomized block design with three replications. Three African eggplant varieties (Tengeru white, Manyire green and AB2) and three harvesting stages (1, 2 and 3) were used as main factor and sub factor, respectively. The harvesting stages were defined based on fruit peel colour and number of days to fruit harvest ( Table 1 ). The fruit physical characteristics of these varieties are shown in Figure 1 . Data collection and analysis: Fruit yield was assessed based on the number and weight of fruits per plant. The harvested fruits were weighed using an analytical balance (Sartorius AG Gottingen BP121S, Germany). On the other hand, nutritional quality was analyzed based on carbohydrate, fibres, calcium, potassium, magnesium, phosphorus, iron, β-carotene and ascorbic acid contents using nine fruits per each harvesting stage. Fruit crude fibre, ascorbic acid, ash, mineral, carbohydrate and β -carotene contents were determined according to Seki (1990) . Analysis of variance was performed using an MSTAC Data Analysis Software. Treatment mean separation was carried out based on Student-Newman-Keuls at P < 0.05.
RESULTS

Effect of harvesting stages on fruit yield:
The three African eggplant varieties differed significantly (P < 0.05) in respect to yield (Table 2 ) with variety Tengeru white having the largest number of fruits of 28.03 x 10 5 fruits/ha followed by Manyire green and AB2 with 25.05 x 10 5 and 18.88 x 10 5 fruits/ha, respectively. However, Manyire green had the highest fruit weight of 53.62 t/ha followed by Tengeru white and AB2 with 47.28 and 40.19 t/ha, respectively. The harvesting stages had a highly significant (P < 0.05) influence on yield of African eggplant (Table 3) . Harvesting stage 1 had the largest fruit number of 33.01 x 10 5 fruits/ha followed by harvesting stage 2 and harvesting stage 3 with 20.68 x 10 5 and 18.27 x 10 5 fruits/ha, respectively. On the contrary, yield in metric tons per hectare was the highest in harvesting stage 2 and harvesting stage 3 with 60.78 and 60.46 t/ha, respectively while harvesting stage 1 had the lowest yield of 19.86 t/ha. The variety-harvesting stage interaction had a significant (P < 0.05) influence on yield of African eggplant fruits (Table 4) . Variety Tengeru white and AB2 showed a decreasing number of fruits per hectare from harvesting stage 1 to harvesting stage 3 while variety Manyire green showed a decreasing number of fruits per hectare from harvesting stage 1 to harvesting stage 2 and increasing number of fruits from harvesting stage 2 to harvesting stage 3. On the contrary, yield in terms of tons per hectare for Manyire green increased from harvesting stage 1 to harvesting stage 3 whereas such yield increased from harvesting stage 1 to harvesting stage 2 and then decreased towards harvesting stage 3 for variety Tengeru white and AB2. Effect of harvesting stages on fruit nutritional quality : African eggplant varieties had a significant (P < 0.05) influence on fruit carbohydrate (CHO) and ascorbic acid contents (Table 5) . Variety Tengeru white and Manyire green had a significantly higher fruit CHO content of 6.804 and 6.59 % compared with variety AB2 with fruit CHO content of 5.371 %. Manyire green had the highest ascorbic acid content of 8.98 mg/100g compared to Tengeru white and AB2 with 7.67 and 7.71 mg/100g, respectively. Means bearing the same letter(s) within the column are insignificantly (P<0.05) different according to Student-Newman-Keuls. Numbers 1, 2 and 3 stand for harvesting stage 1, 2 and 3, respectively.
The harvesting stages had a highly significant (P < 0.05) influence on ascorbic acid, β-carotene, fibre, phosphorus (P) and calcium (Ca) contents of African eggplant fruits (Table 6) . Similarly, the harvesting stages significantly (P < 0.05) influenced iron (Fe) and magnesium (Mg) contents of African eggplant fruits. Ascorbic acid and β-carotene contents were the highest in harvesting stage 1 with 11.45 mg/100g and 9.74 µg/g, respectively followed by harvesting stage 2 with 8.08 mg/100g and 7.6 µg/g and harvesting stage 3 with 4.84 mg/100g and 5.46 µg/g, respectively. Phosphorus, iron and calcium contents were significantly (P < 0. 
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DISCUSSION
Effect of harvesting stages on fruit yield: The yield assessed based on the number of fruits differed among African eggplant varieties with Tengeru white having the largest number of fruits per hectare. The large number of fruits in this variety was possibly due to its vigorous growth habit coupled with early-developed spreading canopy (Chadha, 2006) . Previous studies have also reported a larger number of fruits per plant in tall eggplant varieties with well spread canopies than on cultivars with compact canopies (Abney, 1997; Inglese et al., 2002) . The number of fruits per hectare decreased from harvesting stage 1 onwards. The larger number of fruits in harvesting stage 1 was probably due to the activation of more flower initiation caused by early fruit harvesting. A similar finding was reported in Zucchini fruits cultivar "Astra" whereby early harvested plants produced large number of fruits than the late harvested ones (Biesiada et al., 2007) . Fruits retention on the plant or extension of fruit harvesting interval has been reported to reduce the final total number fruits on mandarin (Munoz-Fambuena et al., 2011). Hormonal factor and increased competition for nutrients as fruits grow have been reported to be the major cause of fruit number variation (Munoz-Fambuena et al., 2011) . On the contrary, the increase in number of fruits on variety Manyire green from harvesting stage 2 to harvesting stage 3 was possibly due to its delayed fruit maturation coupled with an efficient photosynthesis. High photosynthetic rate increases the plant ability to accommodate the increased crop load (CorelliGrappadelli and Lakso, 2004) .The decrease in yield (t/ha) from harvesting stage 2 to harvesting stage 3 in variety Tengeru white and AB2 was associated with the decrease in their number of fruits, and was possibly caused by increasing degradation of fruit carbohydrate as a result of fruit senescence. Several reports have shown a decrease in fruit weight with maturity and storage due to the breakdown of polysaccharide into simple sugars and water (Pila et al., 2010; Finger et al., 1995) . CorelliGrappadelli and Lakso (2004) associated the decrease of apple fruit weight at late harvest maturity with reduced photosynthetic carbon supply caused by leaf aging, senescence and abscission. On the contrary, the increased yield in variety Manyire green from harvesting stage 2 to harvesting stage 3 was probably due to the continued increase in number of fruits. This trend was associated with the late maturity nature of the variety Manyire green (Chadha, 2006) possibly coupled with slow carbohydrate deterioration (Inglese et al., 2002) and high photosynthetic assimilates at the particular stages of maturity (Corelli-Grappadelli and Lakso, 2004) .
Furthermore, the inverse relationship between yield in terms of tons per hectare and number of fruits per hectare observed among the African eggplant variety was probably due to genetic makeup and the fruit weight compensatory effect occurring along the fruit development as reported by Corelli-Grappadelli and Lakso (2004) in apple fruits. Effect of harvesting stages on fruit nutritional quality : The observed variation in both carbohydrate content between the African eggplant varieties was probably due to their difference in genetic makeup. Similar variation in carbohydrate content was earlier reported among five varieties of water chestnut fruits (Chowdhury et al., 2004 Burger et al. (2008) also reported a similar increase in beta-carotene content on musk melon fruits from anthesis to fruit maturity. The observed decrease in fruit mineral contents (iron, phosphorus, calcium, sodium and magnesium) with fruit development stages was probably due to the variability in plant nutrient uptake. Likewise, kiwi fruits have been reported to have higher calcium mineral content at their early than at late stages of development due to higher rate of calcium uptake (Xiloyannis et al., 2001) . The constantly lower content of iron, phosphorus and magnesium minerals at advanced stages of the fruit development was probably related to their lower rate of absorption from the soil. Mineral availability in plant is reported to be affected among other things, by plant genetic makeup and harvesting stages (Ismail et al., 2011) . The observed increase in fruit fibre content along the fruit development stages was probably due to the increased biosynthesis and accumulation over time of fibre components like cellulose, hemicelluloses and pectin. Similar trend was also reported on citrus cv. Novel orange that showed an increase in dietary fibre contents with fruit maturity and adverse weather conditions (Xiuli and Guanlun, 2007) . 
CONCLUSION AND RECOMMENDATION
